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The sensitivity of the commonly used stress tests for the 
diagnosis of coronary artery disease was analyzed in 46 
patients with significant occlusion (~70% luminal di-
ameter obstruction) of only one major coronary artery 
and no prior myocardial infarction. In all patients, thal-
lium-201 perfusion imaging (both planar and seven-pin-
hole tomographic) and 12 lead electrocardiography were 
performed during the same graded treadmill exercise 
test and radionuclide angiography was performed dur-
ing upright bicycle exercise. Exercise rate-pressure (dou-
ble) product was 22,307 ± 6,750 on the treadmill com-
pared with 22,995 ± 5,622 on the bicycle (p = NS). 
Exercise electrocardiograms were unequivocally ab-
normal in 24 patients (52%). Qualitative planar thallium 
images were abnormal in 42 patients (91 %). Quantita-
Electrocardiography, myocardial perfusion scintigraphy and 
radionuclide angiography during exercise are the most com-
monly used diagnostic tests in patients with suspected coro-
nary artery disease. In general, the radionuclide methods 
have been shown to be more sensitive than electrocardi-
ography for the diagnosis of coronary disease (1-12), The 
sensitivity of all three methods increases in the presence of 
prior infarction, as the severity of stenosis increases and as 
the number of diseased vessels increases (1,4,6,7,9,10. 
12-16), Comparison of the radionuclide methods has yielded 
variable results, with some investigators reporting higher 
sensitivity for perfusion imaging (14), others for radio-
nuclide angiography (15,17,18) and still others reporting 
similar sensitivities (19,20). At least some of the discrep-
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tive analysis of the tomographic thallium images were 
abnormal in 41 patients (89%). An exercise ejection frac-
tion of less than 0.56 or a new wall motion abnormality 
was seen in 30 patients (65%). Results were similar for 
the right (n = 11) and left anterior descending (n = 28) 
coronary arteries while all tests but the planar thallium 
imaging showed a lower sensitivity for isolated circum-
flex artery disease (n = 7). The specificity of the tests 
was 72, 83, 89 and 72% for electrocardiography, planar 
thallium imaging, tomographic thallium imaging and 
radionuclide angiography, respectively. The results sug-
gest that exercise thallium-201 perfusion imaging is the 
most sensitive noninvasive stress test for the diagnosis 
of single vessel coronary artery disease. 
(J Am Coil CardioI1985;6:75-83) 
ancies among the studies cited derive from varying defini-
tions of significant stenosis, inclusion or exclusion of pa-
tients with prior infarction, a wide range of imaging techniques 
and the use of ejection fraction criteria alone in the analysis 
of radionuclide angiographic data (14,\5,17-19). 
Patients with a significant occlusion of only one major 
coronary vessel and no previous infarction provide a unique 
model for the comparative evaluation of diagnostic tests. 
With single vessel disease, the sensitivity of a test can be 
strictly evaluated for detection of disease in a particular 
coronary artery, The absence of prior infarction excludes 
unavoidable observer bias in interpretation of exercise data 
and limits the analysis to patients in whom the diagnosis of 
coronary artery disease is not apparent from any data ob-
tained at rest. Recent interest in coronary angioplasty for 
patients with severe single vessel disease lends clinical im-
portance to the ability of the diagnostic tests to detect such 
disease. In this study, the sensitivity and specificity of ex-
ercise electrocardiography, myocardial perfusion scintig-
raphy and radionuclide angiography have been determined 
in a group of patients with unequivocally significant single 
vessel disease and no prior myocardial infarction, 
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Methods 
Patients. Study group. Thirty-two men and 14 women 
ranging in age from 35 to 74 years (mean 55 ± 9) comprised 
the study group. Criteria for inclusion were as follows: I) 
documentation of single vessel coronary artery disease by 
coronary arteriography, 2) absence of a history or electro-
cardiographic (any Q wave 2:::0.04 second in duration) 
evidence of prior myocardial infarction, and 3) availability 
of technically adequate exercise electrocardiograms, planar 
and seven-pinhole exercise and redistribution thallium im-
ages and rest and exercise radionuclide angiograms. Stress 
tests were performed within 4.8 ± 9.4 days (range 0 to 48) 
of each other; 27 patients (59%) had the tests on the same 
day and 38 (83%) within 6 days of each other. 
At the time of exercise testing, beta-adrenergic blocking 
agents were being taken by 21 patients (46%), nitrates by 
20 patients (43%) and calcium antagonists by 6 (13%). 
Fourteen patients (30%) were taking nitrates with either a 
beta-blocker or a calcium antagonist. Sixteen patients (35%) 
were not taking any of these medications. 
Control group. Ten men and eight women ranging in 
age from 37 to 67 years (mean 56 ± 7) who were suspected 
of having coronary artery disease but who had normal coro-
nary arteriograms served as a control group. All control 
patients had normal ventricular function on both contrast 
and radionuclide ventriculography. In addition, all control 
patients had technically satisfactory exercise electrocardio-
grams, planar and seven-pinhole thallium images and radio-
nuclide angiograms. These patients served to establish the 
approximate specificity of the diagnostic tests. Five patients 
(28%) in the control group were taking a beta-blocker and 
two (II %) were taking a calcium antagonist. 
Cardiac catheterization. Cardiac catheterization was 
performed within 5.1 ± 7.8 days (range 0 to 37) of the 
exercise tests. Coronary arteriography and left ventriculog-
raphy were performed by the Judkins methods using stan-
dard technique. Multiple views of both the left and right 
coronary arteries were obtained including cranial and caudal 
projections where appropriate. Biplane ventriculography was 
performed in all patients. Coronary arteriograms were ana-
lyzed by two of us (M.O. and S.c.P.) without knowledge 
of the results of the stress tests. Coronary stenosis was 
categorized by percent luminal diameter narrowing using 
calipers. For the purpose of this study, single vessel coro-
nary disease was defined as one major artery with a 70% 
or greater luminal diameter stenosis and no other stenosis 
of greater than 50% luminal diameter in a major coronary 
artery. For the left anterior descending artery, the stenosis 
was categorized as proximal or distal depending on its lo-
cation with respect to the first major septal perforator. 
Treadmill testing. All patients performed a symptom-
limited graded exercise test on a treadmill using either the 
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standard Bruce (21) or the Naughton (22) protocol. Exercise 
end points included angina, ST segment changes, major 
arrhythmias, achievement of 85% or greater of age-pre-
dicted maximal heart rate, severe fatigue or shortness of 
breath and a significant drop in blood pressure. Twelve-lead 
electrocardiograms were recorded at rest, at the end of each 
stage of exercise and during each minute of the postexercise 
period until stable. Two to 3 mCi of thallium-201 were 
injected intravenously I minute before termination of exercise. 
Criteria for a positive test were: I) O. I or more mY of 
horizontal or downsloping ST segment depression persisting 
for 0.08 second or longer in the absence of ST segment 
depression at rest in the same leads; and 2) 0.1 or more mY 
of ST segment elevation. 
Perfusion imaging technique. Planar or tomographic 
imaging was begun within 10 minutes of the thallium-201 
injection. The order of imaging was randomly assigned. 
The planar images were obtained with a Searle LEM small 
field-of-view gamma camera with a 1j4 inch (0.64 cm) crystal 
and a low-energy, parallel hole, all-purpose collimator. The 
images were acquired in the anterior and 30 and 60° left 
anterior oblique views. A total of 400,000 counts were 
recorded in each view. The energy discriminators were set 
at 74 keY with a 35% window and 167 keY with a 25% 
window. The total imaging time ranged from 10 to 30 min-
utes depending on dose and body habitus. Delayed imaging 
was performed 4 hours after injection in the same views 
and for the same number of counts in each view. 
The tomographic imaging was performed with the same 
gamma camera using a seven-pinhole collimator (5.5 mm 
diameter pinholes). Acquisition of seven-pinhole images 
was performed using a previously described method (23). 
Briefly, the gamma camera was placed in a 40 to 45° left 
anterior oblique view with a 10 to 15° cephalad tilt. The 
orientation of the camera was adjusted until the central im-
age provided the most anular appearance or best approxi-
mated a cross-sectional image of the left ventricle. The 
distance between the patient and the collimator was adjusted 
so that the images from the peripheral pinholes were as large 
as possible without extending beyond the field of view of 
any pinhole. Postexercise and 4 hour delayed tomographic 
studies were acquired for a total of 750,000 counts. All 
thallium-201 images were stored on an ADAC CAM II or 
ADAC 2800 computer. 
Perfusion image analysis. Planar image analysis. 
The planar thallium-201 analog images were formatted on 
8 x 10 X-ray film without background subtraction. Re-
ductions in tracer uptake were considered significant when 
they extended for at least 1/6 of the myocardial image cir-
cumference and when they did not correspond to expected 
areas of tracer reduction (that is, valve planes). All images 
were read by two of us (M.O. and S.C.P.) without knowl-
edge of the catheterization or radionuclide angiographic re-
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suits. Discordant observations were reviewed together and 
a consensus was reached. 
Tomographic image analysis. Tomographic data were 
processed according to the method described by Vogel et 
al. (23). Twelve slices were reconstructed at I cm intervals 
from 9 through 20 cm from the surface of the collimator. 
Three slices, reflecting the apical, middle and basal left 
ventricle, were chosen. Circumferential count profiles were 
then created for each of the representative slices with the 
highest count density plotted as 100% using computer al-
gorithms. The circumferential profiles for each slice were 
formatted on 8 x 10 X-ray film and then hand digitized 
into an IBM personal computer for subsequent analysis and 
storage. Six curves were thus digitized and stored for each 
patient (apical, middle and basal curves both immediately 
after exercise and 4 hours later). 
The curves from the group with single vessel disease were 
compared with those acquired from 20 other patients who 
were shown to have: 1) completely normal coronary arteries 
by coronary arteriography, 2) normal ventricular function 
by contrast ventriculography, and 3) no evidence of valvular 
heart disease. These 20 patients had undergone exercise 
thallium-20l tomographic imaging for diagnostic purposes. 
Their digitized circumferential profile curves provided nor-
mal reference standards for the quantitative analysis. The 
lowest points of the normal curves were used to create a 
lower limit of normal for each of the six slices just described 
(24). 
The computer then calculated the amount by which each 
patient's curve fell below the corresponding reference curve. 
The term intensity was used to define the area between the 
patient and reference curve divided by the range, that is, 
the length in degrees of the segment of the reference curve 
Figure 1. Intensity (for quantitative analysis of tomographic im-
aging) was defined as the area created by the overlap of the patient 
and reference curves divided by the length, in degrees, of that area 
(range). 
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transected by the patient curve (Fig. 1). If the curves crossed 
in more than one place, the individual intensities were summed 
to create one intensity value. Intensity, in essence, gave 
greater diagnostic importance to a patient curve that dipped 
deeply below the reference curve and minimized the im-
portance of one that tracked just below the reference curve 
for a substantial part of the circumference. For diagnostic 
purposes, the greatest of the three postexercise intensities 
(apical, middle and basal) from each patient was used. Any 
intensity greater than zero was consipered abnormal. 
Radionuclide angiography. First pass radionuclide an-
giograms were performed at rest and at peak symptom-
limited exercise with a computerized multicrystal gamma 
camera (Baird System 77). Studies were acquired in the 
right anterior oblique view as previously described (25). A 
1.5 inch (3.8 cm) parallel hole collimator was used in all 
studies. Counts were acquired at 30 ms framing rates for 
all studies. Twenty mCi of technetium-99m diethylamine 
triamine pentaacetic acid (DTPA) at a concentration of 30 
mCi/ml were injected as a bolus into a peripheral vein for 
each radionuclide angiogram. The radionuclide bolus was 
rapidly flushed into the central circulation using 20 ml saline 
solution. 
Rest studies were acquired with the patient seated on the 
bicycle ergometer. Exercise was subsequently begun at 25 
Wand the work load was progressively increased by 25 W 
every 2 minutes. Exercise end points were the same as those 
during the treadmill test. 
Radionuclide angiographic data were processed using 
the computer and software of the Baird System 77 as pre-
viously described (25). A left ventricular region of interest 
was manually defined and automatically revised by the 
computer with operator intervention where necessary. A 
time-activity curve from the final region of interest was 
generated and subsequently a representative cycle was cre-
ated from 3 to 6 beats of the left ventricular pi)ase. After 
background correction, ejection fraction was calculated. 
Segmental wall motion was assessed qualitatively by two 
of us using cinematic displays of the representative cycle. 
Wall motion was classified as normal, hypokinetic, akinetic 
or dyskinetic. An abnormal exercise study required an ex-
ercise ejection fraction of less than 0.56 or a regional wall 
motion abnormality. 
Statistical analysis. Sensitivity was defined as 
True positives 
True positives + False negatives 
while specificity was defined as 
True negatives 
True negatives + False positives' 
Paired observations were analyzed by the Student's t test. 
Differences between the sensitivities of any two tests were 
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analyzed by the chi-square method. A p value of less than 
0.05 was considered significant. 
Results 
Coronary Arteriography and 
Contrast Ventriculography 
Single vessel lIisease group. There were 28 patients 
(61 %) with 70% or greater diameter stenosis of the left 
anterior descending artery, 7 (15%) with 70% or greater 
stenosis of the left circumflex artery and II (24%) with 70% 
or greater stenosis of the right coronary artery. The mean 
diameter narrowing of those vessels was 87 ± 8.4% (range 
70 to 99) for the left anterior descending, 92 ± 10.2% (76 
to 100) for the left circumflex and 90 ± 9.2% (75 to 100) 
for the right coronary artery. Of the 28 left anterior de-
scending lesions, 17 (61 %) were proximal and II (39%) 
distal to the first major septal perforator. 
Of the 92 major coronary vessels without a significant 
stenosis, there were 58 (63%) with no narrowing, 15 (16%) 
with 10 to 29% narrowing and 19 (21 %) with 30 to 50% 
narrowing. 
Contrast ventriculographic results were normal in 36 
(78%) of the 46 patients. Nine patients (22%) had regional 
hypokinesia, four anteriorly or anteroapically and five in-
feriorly. One patient had very mild generalized hypokinesia. 
No patient had regional akinesia or dyskinesia. 
Treadmill Testing 
Single vessel disease group (Table 1). The end point 
of treadmill exercise was angina in 25 patients (54%), fa-
tigue or shortness of breath in 18 patients (39%) and clau-
dication, ventricular tachycardia and target heart rate in one 
patient each. 
The peak heart rate for the group was 129.3 ± 26.3 
beats/min (range 80 to 187), which represented 72.5 ± 
15.6% (range 43 to 100%) of the age-predicted maximal 
heart rate. There were 32 patients (70%) who reached less 
than 85% of their age-predicted maximal heart rate. Of this 
subgroup, 25 either had ST segment changes or were taking 
a beta-adrenergic blocking agent; 3 stopped testing because 
of pain, 3 because of fatigue and I because of claudication. 
Table 1. Results of Exercise Electrocardiography 
% Maximal HR 
Rate-pressure product 
% Diameter occlusion 
Beta-adrenergic blocking agent 
Calcium channel antagonist 
Nitrates 
ECG Positive 
(n = 24) 
75 ± 15 
23,331 ± 6,213 
88.9 ± 8.1 
10 (42%) 
4 (17%) 
8 (33%) 
ECG = electrocardiogram; HR = heart rate. 
ECG Negative 
(n = 21) 
70 ± 16 
21,190 ± 7,270 
88.5 ± 9.7 
II (52%) 
2 (9%) 
12 (57%) 
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Diagnostic ST segment changes were found in 24 patients 
(52%), no significant ST changes were seen in 21 patients 
(46%) and one electrocardiogram was uninterpretable be-
cause of left bundle branch block. The patients with and 
without diagnostic ST segment changes could not be dis-
tinguished by the percent of predicted maximal heart rate 
or rate-pressure product achieved during exercise, the use 
of beta-blockers, nitrates or calcium channel antagonists or 
the severity of stenoses. 
Control group. The end points of exercise in the control 
group were fatigue or shortness of breath in 10 (56%), chest 
pain in 4 (22 %), claudication in 2 (II %) and abnormal blood 
pressure responses in 2 (11%). The peak heart rate was 
139 ± 19 beats/min (range 108 to 166) which represented 
76 ± 10% (range 59 to 92%) of the age-predicted maximal 
heart rate. 
Diagnostic ST segment changes were noted in 5 subjects 
(28%) in the control group, no significant ST changes were 
noted in II (61 %) and test results were indeterminate in 2 
patients (11%). 
Myocardial Perfusion Imaging 
Single vessel disease group (Table 2). Forty-two (91 %) 
of the 46 patients had stress-induced perfusion abnormalities 
detected by qualitative analysis of the planar thallium im-
ages. All but I of the 42 had evidence of redistribution on 
the delayed images. The four patients with a negative qual-
itative thallium study were not distinguishable from those 
with a positive study by the percent of maximal predicted 
heart rate achieved during exercise, the exercise rate-pres-
sure product, the frequency of significant ST segment 
depression during exercise or the use of beta-blockers, ni-
trates or calcium blockers. The patients with a negative 
qualitative thallium study did have slightly less severe ste-
nosis than the group with a positive study (81.5 ± 5.9% 
versus 89.4 ± 8.8% diameter stenosis, p = 0.04). 
Quantitative analysis of the tomographic thallium studies 
was abnormal in 41 patients (89%). Mean intensity for the 
41 positive studies was 8.1 ± 6.3 (range 0.3 to 26.3). There 
were no differences in percent maximal heart rate or rate-
pressure product achieved during exercise, the frequency of 
significant ST segment changes during exercise or the use 
of beta-adrenergic blocking agents, nitrates or calcium chan-
nel blocking agents between those with a negative tomo-
graphic thallium study and those with a positive study. In 
contrast to the results from the planar analysis, the severity 
of stenosis was not a distinguishing factor in the quantitative 
analysis. Except for one patient, the patients with a negative 
tomographic study were not the same patients as those with 
a negative planar study. 
Control group. Three of the 18 control patients (17%) 
had perfusion abnormalities on the planar studies. Only one 
of the three had significant ST segment changes during 
JACC Vol. 6. No. I 
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Table 2. Results of Myocardial Perfusion Imaging 
Planar Thallium Imaging Tomographic Thallium Imaging 
Positive Negative Positive Negative 
(n = 42) (n = 4) (n = 41) (n = 5) 
% Maximal HR 72 :!:: 16 81 :!:: 10 71 :!:: 12 73 :!:: 16 
Rate-pressure product 21,912 :!:: 6,759 26,450 :!:: 5.827 22,506 :!:: 6,877 20,675 :!:: 5,990 
ST changes 22 (52%) 2 (50%) 21 (51%) 3 (60%) 
% Diameter occlusion 89.4 :!:: 8.8% 81.5 :!:: 59%* 88.6 :!:: 9.0% 89.8 :!:: 7.6% 
Beta-adrenergic 20 (48%) I (250;;) 18 (44%) 3 (60%) 
blocking agent 
Calcium channel antagonist 6 (14%) 0(0%) 6 (15%) 0(0%) 
Nitrates 18 (43%) 2 (50%) 18 (44%) 2 (40%) 
*p = 0.04 compared with positive planar imaging group. HR = heart rate. 
exercise. The tomographic analysis was abnormal in two 
patients (11%) and neither patient had accompanying ST 
segment changes. The intensity on the tomographic studies 
in these two patients was 0.6 and 0.9, respectively. 
Radionuclide Angiography 
Single vessel disease group (Table 3). All 46 patients 
had normal left ventricular function on the rest radionuclide 
study. The left ventricular ejection fraction was 0.66 ± 
0.08 (range 0.50 to 0.84). The exercise rate-pressure prod-
uct during bicycle exercise was 22,995 ± 5,622, somewhat 
higher but insignificantly different from the rate-pressure 
product during treadmill exercise (22,307 ± 6,750). The 
mean left ventricular ejection fraction decreased from 
0.66 ± 0.08 to 0.59 ± 0.11 (p < 0.001). The ejection 
fraction failed to increase by at least 0.05 in 41 patients 
(89%) and decreased in 34 patients (74%). The exercise 
ejection fraction was less than 0.56 in 14 patients (30%). 
Wall motion abnormalities occurred in 28 patients (61 % ) 
during exercise. Criteria for a positive test, that is, an ex-
ercise ejection fraction of less than 0.56 or a regional wall 
motion abnormality, occurred in 30 patients (65%). There 
were no significant differences between patients with a pos-
itive and negative radionuclide angiogram in rate-pressure 
Table 3. Results of RadionucIide Angiography 
Radionuclide Angiography 
Positive Negative 
(n = 30) (n = 16) 
Rate-pressure product 24,044 :!:: 4,614 21,027 :!:: 6,878 
% Diameter occlusion 88.6 :!:: 9.4% 88.9 :!:: 7.9% 
Planar thallium positive 28 (93%) 14 (88%) 
Tomographic thallium 7.9 :!:: 7.1 5.8 ± 4.9 
intensity 
Beta-adrenergic 13 (43%) 8 (50%) 
blocking agent 
Calcium channel antagonist 3 (10%) 3 (19%) 
Nitrates 10 (33%) 10 (62%) 
product during exercise, number of patients taking beta-
adrenergic blocking agents, nitrates or calcium channel an-
tagonists, results of qualitative or quantitative thallium stud-
ies or frequency of positive treadmill electrocardiograms. 
The severity of stenosis was similar in those patients with 
a positive study (88.6 ± 9.4% diameter stenosis) and those 
with a negative study (88.9 ± 7.9% diameter stenosis). 
Control group. All 18 patients in the control group had 
normal left ventricular function at rest by radionuclide an-
giography. The peak heart rate during exercise was 137 ± 
25 beats/min, which was 75 ± 14% of the predicted max-
imum and insignificantly different from the peak heart rate 
during treadmill exercise. The mean left ventricular ejection 
fraction was 0.66 ± 0.07 (0.50 to 0.75). The mean ejection 
fraction decreased to 0.62 ± 0.09 (0.45 to 0.79) during 
exercise (p = 0.03). The change in ejection fraction from 
rest to exercise was - 0.10 ± 0.12 in the 5 control patients 
who achieved at least 85% of their predicted maximal heart 
rate while it was -0.02 ± 0.06 in the 13 control patients 
who failed to achieve their target heart rate. The ejection 
fraction failed to increase by at least 0.05 in 17 (94%) and 
decreased in 8 (44%). Regional wall motion abnormalities 
during exercise were noted in four patients (22%). 
Analysis by Diseased Artery (Table 4) 
The treadmill electrocardiogram and the radionuclide an-
giogram were less sensitive for the detection of circumflex 
artery lesions than for lesions of the left anterior descending 
or right coronary artery but the differences were not sig-
nificant. In addition, the tomographic thallium intensity was 
lower for circumflex artery lesions than for lesions in the 
left anterior descending or right coronary artery but the 
differences were not significant. Qualitative analysis of the 
planar thallium images was equally sensitive for all vessels. 
The subgroup of 28 patients with a lesion in the left 
anterior descending coronary artery was analyzed to assess 
the influence of the location of the occlusion on the results 
of diagnostic testing. Of the 28 patients in the subgroup, 
17 (61%) had a lesion proximal and II (39%) had a lesion 
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Table 4. Comparison of Diagnostic Tests by Coronary 
Artery Involved 
LAD LCx RCA 
(n = 28) (n = 7) (n = II) 
Exercise ECG 
Positive 15 (54%) 2 (29%) 7 (64%) 
Negative 12 (43%) 5 (71%) 4 (36%) 
Indetenilinate 1(3%) 
Planar thallium imaging 
Positive 26 (93%) 6 (86%) 10 (91%) 
Negative 2 (7%) 1 (14%) 1(9%) 
Tomographic thallium 7.5 ± 6.8 5.4 ± 5.9 7.5 ± 6.3 
intensity 
Radionuclide angiography 
Positive 19 (68%) 3 (43%) 8 (73%) 
Negative 9 (32%) 4 (57%) 3 (27%) 
ECG = electrocardiogram; LAD = left anterior descending coronary 
artery; LCx = left circumflex coronary artery; RCA = right coronary 
artery. 
distal to the first septal perforator; 11 (6S%) of the 17 with 
a proximal lesion compared with 4 (39%) of the 11 with a 
distal lesion had a positive exercise electrocardiogram (p = 
0.08). The quantitative tomographic thallium intensity was 
higher (8.S ± 7.0 versus 6.0 ± 6.S) in the patients with 
proximal stenosis but the difference was not significant. No 
significant differences were noted in the frequency of an 
abnormal qualitative thallium study or abnormal radio-
nuclide angiogram between the patients with a proximal and 
those with a distal lesion. The exercise ejection fraction was 
identical (0. S9 ± O. 11) for patients with proximal and distal 
lesions. 
Comparison of sensitivities and specificities (Tables 5 
and 6). The exercise eleCtrocardiogram was the least sen-
sitive (S2%) of all the diagnostic tests. The criterion of an 
exercise ejection fraction of less than 0.S6 or a regional 
wall motion abnormality had a somewhat higher but insig-
nificantly different sensitivity of 6S% with no change in 
specificity. Failure to increase the ejection fraction by O. OS 
was 89% sensitive but the specificity of that criterion was 
so low (6%) as to make it untenable as a diagnostic criterion 
in these patients. The qualitative planar and quantitative 
Table 5. Sensitivity and Specificity of RadionucIide 
Angiographic Variables 
Ex EF < 0.56 
aEF aEF Ex EF or 
< 0.05 <0 < 0.56 Ex WMA Ex WMA 
Sensitivity 89% 74% 30% 61% 65% 
(41/46) 34146) (14/46) 28/46) (30/46) 
Specificity 6% 50% 83% 78% 72% 
(1/18) (9118) (15/18) (14/18) (13/18) 
aEF = exercise ejection fraction - ejection fraction at rest; Ex EF 
= exercise ejection fraction; Ex WMA = exercise-induced wall motion 
abnormality. 
JACC Vol. 6. No. I 
July 1985:75-83 
Table 6. Comparison of Sensitivities and Specificities 
Planar Tomographic 
Exercise Thallium Thallium Radionuclide 
ECG Imaging Imaging Angiography 
Sensitivity 52% 91% 89% 65% 
(24/46)* (42/46) (41146) (30/46)t 
Specificity 72% 83% 89% 72% 
(13/18) (15/18) (16/18) (13/18) 
*p < 0.001 or tp < 0.01 compared with planar or tomographic thallium 
imaging. ECG = electrocardiogram. 
tomographic thallium studies had similar sensitivities of 91 
and 89%, respectively. Both were significantly higher than 
those of the exercise electrocardiogram (p < 0.00 I) and the 
radionuclide angiogram (p < 0.01). The specificities of the 
planar and tomographic thallium studies were 83 and 89%, 
respectively, compared with 72% for the electrocardiogram 
and radionuclide angiogram. Those differences were not 
statistically significant. Of the entire group with single ves-
sel disease, no patient had normal results on all the diag-
nostic tests. 
Discussion 
The purpose of this study was to compare the diagnostic 
sensitivity of exercise electrocardiography, myocardial per-
fusion scintigraphy and radionuclide angiography in a group 
of patients with single vessel coronary artery disease and 
no prior myocardial infarction. Patients with only single 
vessel disease present the greatest diagnostic challenge since 
the sensitivity of all diagnostic tests has been shown to vary 
directly with the extent of disease as defined by the number 
of disease vessels (1,4,6,10,12, IS,26). Current application 
of coronary angioplasty to patients with symptomatic single 
vessel disease demands a reliable physiologic method for 
assessing the significance of any single vessel stenosis. 
Therefore, it is important to document the performance of 
the three types of stress tests in such patients. 
In this study, only patients with a coronary lesion of 70% 
or greater diameter stenosis were included. In the absence 
of quantitative coronary arteriography, the use of a 70% 
boundary yields much better interobserver agreement than 
does the use of lesions of SO to 70% severity (27). Fur-
thermore, the prognosis of medically treated patients with 
coronary artery disease has been well described for patients 
with lesions of similar severity (28). We chose to exclude 
patients with Q wave evidence of prior myocardial infarc-
tion. Since Q waves of 0.04 second or longer are quite 
specific for myocardial infarction (29) and since the presence 
of a Q wave and any accompanying wall motion abnormality 
at rest would create important observer bias, it seemed es-
sential to exclude such patients from a study of this type. 
The results of this study confirm earlier observations of 
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the higher sensitivity of exercise radionuclide methods com-
pared with exercise electrocardiography. That has been true 
in studies of patients with all degrees of coronary disease 
(1-12) and is clearly true of our patients with single vessel 
disease in whom the sensitivity of the exercise electrocar-
diogram was only 52%. 
Sensitivity and specificity of perfusion imaging. Both 
the qualitative planar thallium method and the quantitative 
seven-pinhole tomographic thallium method were highly 
sensitive for the detection of single vessel disease in this 
study (91 and 89%, respectively). The specificity of the 
planar method was 83% and that of the tomographic method 
89%. The high sensitivities noted in this study approximate 
the sensitivities reported for multivessel disease in previous 
reports and are higher than most sensitivities reported for 
single vessel disease (1,3-6,13,15,21,30). The inclusion of 
many patients with less than 70% diameter stenosis in pre-
vious reports and the presence of prior infarction (as many 
as 72% of patients in one study [13]) make strict compar-
isons difficult but certainly could contribute to the wide 
range of reported sensitivities. The higher sensitivity of 
thallium imaging in our study may be related to the severity 
of stenosis in our patients. The average severity of stenosis 
in our study was 87 ± 8.4, 92 ± 10.2 and 90 ± 9.2% 
for the left anterior descending, left circumflex and right 
coronary artery, respectively. In this respect, our patients 
may be similar to those analyzed by Hirzel et al. (31) who 
found an 88% sensitivity for thallium imaging in patients 
with single vessel disease before coronary angioplasty. 
Sensitivity and specificity of radionuclide angiogra-
phy. In contrast to the high sensitivity of perfusion imag-
ing, radionuclide angiography had a sensitivity of 65% and 
a specificity of 72%. The exercise ejection fraction was less 
than 0.56 in only 14 (30%) of the 46 patients. An exercise 
ejection fraction of less than 0.56 was used as a criterion 
for an abnormal result rather than any change in ejection 
fraction from rest to exercise for several reasons. A previous 
study from this laboratory by Foster et al. (32) showed that 
21 of 53 young, healthy volunteers failed to increase their 
ejection fraction during the same exercise protocol used in 
the current study group. However, only I of those 53 vol-
unteers had an exercise ejection fraction of less than 0.56. 
Other investigators (33) have also reported an exercise ejec-
tion fraction of 0.56 as being their lower limit of normal. 
Finally, in the present study, 17 of 18 patients with normal 
coronary arteries failed to increase their ejection fraction by 
at least 0.05 and 8 of the 18 showed a decrease in ejection 
fraction. 
The very low specificity of the change in ejection fraction 
criterion in our hands is lower than has been reported by 
others and reflects the major selection bias in our institution, 
where the decision to perform catheterization depends in 
large part on radionuclide angiographic results. Rozanski et 
al. (34) recently discussed the problem in detail. Had we 
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used a change in ejection fraction criterion, the sensitivity 
would have increased to 89%, a value similar to that of 
thallium imaging. However, with such a low specificity, a 
change in ejection fraction criterion becomes untenable as 
a diagnostic discriminator. Several previous studies 
(12,17,35,36) have confirmed the low specificity of this 
criterion. Gibbons et al. (36) derived an equation that pre-
dicted change in ejection fraction based on a multivariate 
regression analysis of the results of radionuclide angiog-
raphy in 60 patients with chest pain and normal coronary 
arteries. With this more sophisticated approach, the speci-
ficity of the change in ejection fraction criterion increased 
from 60 to 76% for patients with all degrees of coronary 
artery disease and normal ventricular function at rest (12). 
However, in patients with single vessel disease, the sensi-
tivity was approximately 70% despite inclusion of those with 
prior infarction. 
Exercise-induced wall motion abnormalities were de-
tected in 28 (61 %) of the 46 patients in this study. This low 
sensitivity is entirely consistent with the 43 to 58% prev-
alence of exercise-induced wall motion abnormalities pre-
viously reported by other investigators (\ 2,15,18). Only one 
group (33) was able to detect regional wall motion abnor-
malities in more than 90% of patients studied without se-
riously impairing specificity. However, that study popula-
tion consisted entirely of patients undergoing coronary 
angioplasty, and included patients with two-vessel disease, 
prior infarction and prior coronary bypass surgery. 
Discrepancy between perfusion imaging and radio-
nuclide angiography. In theory, any significant perfusion 
abnormality should be accompanied by left ventricular dys-
function. How, then, can the marked discrepancy between 
the sensitivities of perfusion imaging and ventriculographic 
imaging be explained? It is perhaps easiest to accept the 
finding that, in single vessel disease, diagnostic criteria based 
on changes in global ejection fraction are insensitive. In 
many cases, the myocardial mass perfused by normal vessels 
would be expected to greatly exceed that perfused by the 
diseased vessel. Normally perfused myocardium would 
function normally and might even be hyperkinetic, thus 
maintaining global ejection fraction. If reliable methods of 
determining changes in regional ejection fraction were avail-
able then perhaps sensitivity would improve. In this context, 
phase analysis of blood pool images may be helpful (37). 
It is more difficult to explain the failure to detect regional 
wall motion abnormalities in many patients with perfusion 
abnormalities. There are several possible reasons. As in all 
previous reports, our study used single-view exercise radio-
nuclide ventriculography. In patients with single vessel dis-
ease, that limitation may be critical. We used first-pass 
imaging in the right anterior oblique view which should be 
insensitive to abnormalities in the posterolateral and in-
feroposterior walls. Our finding of a lower sensitivity for 
circumflex artery lesions compared with left anterior de-
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scending and right coronary lesions is consistent with that 
hypothesis. Equilibrium imaging is performed in the left 
anterior oblique view, which may be less sensitive to changes 
in the anterior and apical walls. In contrast, all myocardial 
segments are routinely visualized with perfusion imaging. 
Radionuclide ventriculography may be insensitive to milder 
degrees of hypokinesia because of the technical limitations 
on spatial resolution, especially with a multicrystal gamma 
camera. For example, in our study, there were nine patients 
with regional hypokinesia at rest on contrast ventriculog-
raphy, and the rest radionuclide ventriculograms were in-
terpreted as normal in all nine. Finally, wall motion inter-
pretation is the most subjective aspect of all methods of 
ventriculography. 
We did not analyze diastolic filling characteristics, changes 
in pulmonary blood volume or changes in end-systolic vol-
ume during exercise. Some investigators have found these 
approaches to be helpful in diagnosis (12,15,38). 
Clinical implications. To date, no approach to the anal-
ysis of radionuclide angiographic data has yielded as high 
a sensitivity and specificity in single vessel disease as that 
seen for thallium perfusion imaging in this study. Our results 
suggest that myocardial perfusion imaging during treadmill 
exercise may be the optimal method for diagnosis or follow-
up of patients with single vessel coronary artery disease. 
We used qualitative planar and quantitative seven-pinhole 
tomographic thallium imaging. At the inception of this study, 
quantitative planar thallium software was not available to 
us and the data were not acquired in a manner that would 
permit retrospective application of that method. At the pres-
ent time, quantitative planar (39) or axial tomographic thal-
lium imaging would probably be the procedure of choice in 
most laboratories (40,41). 
Our results should have important implications for pa-
tients being considered for or who have undergone coronary 
angioplasty for single vessel disease. The study also sug-
gests the need for improvement in techniques of acquisition 
and data processing of radionuclide angiograms. 
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